ABSTRACT: The electronic properties, bonding structure and magnetic behaviours of oxygen-and chlorine-treated nitrogenated carbon nanotubes (N-CNTs) were studied using x-ray absorption near-edge structure (XANES), scanning photoelectron microscopy (SPEM) and PPMS measurements. 
INTRODUCTION
Since carbon nanotubes (CNTs) were discovered by Iijima 1 , they have been viewed as attractive functional fillers for producing novel composites due to their unique morphology, high mechanical strength, outstanding thermal and electrical conductivities, and capability for electron emission. These unique morphology and structure of carbon nanotubes (CNTs) keep attracting a great number of researchers to explore the novel properties of these materials. CNTs are considered as rolled-up graphene sheets, the ends of which are capped with a hemisphere of a Bucky ball structure. The exact structure of a nanotube depends on the different angles and curvatures in which a graphene sheet can be rolled into a tube and is determined by a single vector, which is called a chiral vector and discriminates CNTs into "zigzag", "armchair", and "chiral" forms. The electronic properties of a nanotube change in correspondence to its structure; thus, armchair nanotubes are metallic, while zigzag and chiral can be either metallic or semiconducting. In general, single walled carbon nanotubes (SWCNTs) are a mixture of metallic and semiconducting material, depending sensitively on their geometrical features, while multi-walled carbon nanotubes (MWCNTs) are regarded as metallic conductors. Especially for SWCNTs, the electronic properties vary from metallic to semiconducting depending on their structures. Additionally, as a result; of the 1-D nature of CNTs, electrons can be conducted in nanotubes without being scattered. The absence of scattering of the electrons during conduction is known as ballistic transport and allows the nanotube to conduct without dissipating energy as heat. However, as prepared CNTs possess a variety of diameters, length distribution, and structures within the same CNTs. It is also well known; that the methods of production of CNTs generate impurities such as by product carbonaceous species and residues from the transition metal catalysts used in preparing CNTs. Moreover, CNTs are insoluble in all solvents due to strong van der Waals interactions that tightly hold them together; forming bundles. All of the above decrease the overall yield of usable material and interfere with most of the desired properties of the CNTs. In this frame, CNTs can undergo chemical functionalization to enhance solubility in various solvents and to produce novel hybrid materials potentially suitable for applications. The main approaches for the functionalization of CNTs can be grouped; into two main categories: (a) the covalent attachment of chemical groups, through reactions on the conjugated skeleton of CNTs, and (b) the noncovalent supramolecular adsorption or wrapping of various functional molecules onto the tubes. The covalent functionalization of CNTs allows functional groups to be attached to tube ends or sidewalls. The sites of highest chemical reactivity in the CNTs structure are the caps, which have a semi-fullerene-like structure. Chemical functionalization of CNTs tips has been performed mainly on the basis of oxidative treatments. As a general rule the CNT oxidation yields opened tubes with oxygen-containing functional groups (predominantly carboxylic acid) at both the sidewall and the tube endings. These groups are use as chemical anchors for further derivatization. Although the bonding in CNTs is similar to that of graphene, curvature of the nanotube sidewall renders addition reactions to the cylindrical nanostructure more favorable than in a flat graphene sheet 2, 3 . In addition, several experimental studies exist, which reveal that the hexahedral chemical reactivity increases with increasing curvature of the sidewall. This dependency has been attributed to curvature induced strain that originates from pyramidalization of the sp 2 -hybridized carbon atoms and the misalignment of π-orbitals 4, 5 . The chemical modification of carbon nanotubes (CNTs) are highly interest for changing their mechanical, electrical and electronic properties that are useful for the variety of applications ranging from nano-electronics and nanoelectromechanical systems to nanocomposites 6 . Among the large number of chemical modifications/treatments of CNTs; functionalization, dispersion and chemically doping with different functional groups would afford a number of opportunities for tailoring the structural and electronic properties 7, 8 . The doping of nitrogen impurities in CNTs was found to be a possible route to tune the band gap such that CNTs can be exploited to make various electronic devices 9 . However, direct doping of nitrogen impurities is not the only way to control the electronic property; chemical modification and/or purification of the CNTs can also alter the electronic properties and improve the performance of various devices. The fluorinated CNTs can be tuned; from metal to semiconductor/insulator with high resistivity at elevated temperatures 10 . The fluorination can also improve the wetting of nanotubes in water by inducing a surface dipole layer on the nanotube wall. This effect may be useful in battery and super-capacitor applications 11 . Iodine-and bromine-doped CNTs were found to enhance the electronic/electrical properties by increasing the density of free charge carriers 12 . Therefore, it is interesting to understand the effect of chemical modification of CNTs using halogens (F, I, Br and Cl). Different workers have been investigated the fluorine-, iodine-, bromine-treated CNTs [10] [11] [12] and CNTsbased nanomaterials [13] [14] [15] . A comprehensive study of the electronic structures and bonding properties of N-CNTs:Cl is complementary to the understanding of the properties of halogen modified CNTs. Ray et al. 17 have observed from experimental results and hence theoretical calculation that chlorine bonded compounds (i.e. C-Cl C-N-Cl) formed on the surface of nitrogenated carbon nanotubes (N-CNTs) and their electronic properties are changes during the functionalization of N-CNTs in chlorine plasma atmosphere [denoted as N-CNTs:Cl].
Again, different oxidative treatments of CNTs were studied by Ago et al. 8 and found the affect the density of states (DOS) of valence bands and increase the work function. Ago et al. observed that gas-phase treatment preferentially forms hydroxyl and carbonyl groups, while liquid-phase treatment forms carboxylic acid groups on the surface of CNTs. Recently, Watts et al. 16 found that the conductivity of CNTs are increase/decrease on oxygen treatments that depends on dry air or humid environment. Similar enhancement of conductivity and change of Fermi level is also observed by Weglikowska et al. 7 during chemical modification of CNTs using chlorine containing SOCl 2 compound. In case of chlorine treatment 17 using dichlorocarbene compound, the surface of CNTs are modified with presence of other functional forms of carbon (i.e C-Cl, C-O and O-C=O) on the surface of CNTs by decreasing the density of C-C bonds. However, either on oxidation or chlorination it shows not only the surface modification but also changes the structural as well as electronic properties of CNTs [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . We have observed from experimental results and hence theoretical calculation that chlorine bonded compounds (i.e. C-Cl C-N-Cl) formed on the surface of nitrogenated carbon nanotubes (N-CNTs) and their electronic properties are changes during the functionalization of N-CNTs in chlorine plasma atmosphere [denoted as N-CNTs:Cl] 11 . We also observed the magnetic properties drastically changed on functionalization of CNTs with chlorine and oxygen.
In the present study, it is studied and discussed the surface morphology, microstructural properties, electronic structure, bonding properties and change of magnetic behaviors with functionalization along with theoretical calculation for supporting these results of functionalized N-CNTs in oxygen [denoted as N-CNTs:O] and chlorine functionalized N-CNTs using different measurements.
EXPERIMENTAL DETAILS
In the preparation of CNTs, the vertically oriented multiwall N-CNTs were initially synthesized by microwave-plasma-enhanced-chemical-vapor deposition on silicon substrates pre-coated with an e-beam evaporated 7nm thin Fe catalytic layer. These N-CNTs are rigid having high density, vertically-oriented and a bamboo-bush-like structure. 19 The CNTs are prepared with a CH 4 /H 2 gas mixture exhibited a typical multiwall carbon nanotube structure; whereas the majority of the CNTs found in the CNTs prepared with N 2 addition showed bamboo-like structure. Then, the obtained N-CNTs were chlorinated in an inductively plasma-coupled reactor in flowing Cl gas at 5 sccm for periods of 1 and 5 min [denoted as N-CNTs:Cl (1min) and N-CNTs:Cl (5min) later on]. During chlorination, the total pressure was 40 mTorr and the applied input power was 150W. These CNTs are denoted as N-CNTs:Cl. The oxygen treatment was performed under the air-atmospheric plasma conditions for 5 sec at a discharge power of ~ 0.5 kW using a dielectric barrier discharge system 18, 20 . These oxygen treated CNTs are denoted as N-CNTs:O. Field emission scanning electron microscopy (FE-SEM) and high-resolution transmission electron microscopy (HR-TEM) are used to study the microstructural evolution of the CNTs. The electron field emission characteristics are performed using a Keithley power supply (Keithley: Model 237). The cathode voltage was applied by an analog programmable 1.0 kV power supply under computer control and the measured emission current was logged at each voltage. The measurements were carried out under a low 10 -6 torr ambient pressure. The movement of the anode tip (1mm diameter) was measured digitally and the gap between emitter and collector was confirmed by optical microscope. During the measurements, the an-ode and cathode distance in the field emission system was fixed at 200 mm, which is the thickness of the micro-glass spacer used to isolate the cathode from the anode. The C and N K-edge XANES measurements were performed using the high-energy spherical grating monochromator-20A beamline, whereas SPEM images and valence-band photoemission spectra were obtained using the excitation of photon energy of 388 eV at undulated-09A beamline at the National Synchrotron Radiation Research Center in Hsinchu. The C and N K-edge XANES data were obtained at 45 o angle of incidence in the total electron yield by recording in the sample drain current mode and fluorescence mode with a seven-element Ge detector, respectively. The magnetization (M) was measured versus applied magnetic field strength (H), using a commercial physics properties measurement system (PPMS) at a temperature of 5 K and 305 K respectively. It is clearly observed from the cross-sectional SEM-images, that the vertical alignment of N-CNT is changed on chlorine-plasma treatment, but strongly vertically, alignment is formed when the treatment was performed with oxygen-plasma. In general, the mechanism of the highly vertically aligned growth is mainly attributed to the high density of CNT being grown from the densely packed catalytic nano-particles. As the nanotubes lengthen, they interact with nearby nanotubes, presumably by van der Waals forces, to form a large bundle with some rigidity, which enables them to keep growing along the same direction 19 . On the basis of this growth mechanism, the alignment is changed on chlorine/oxygen-plasma treatments. Simultaneously, the density as well as the lengths of the tubes is decreased on chlorination but on oxidation it increased that can be observed from the overview and cross-section SEM-images shown in Figure 1 . The increase (decrease) of length and density of the nanotubes can be explained with respect to their growth mechanism. The diffusion and precipitation of the reactive carbon species are faster (slower) in oxidation (chlorination), resulting faster (slower) growth rate and increase (decrease) in nanotubes length as well as nanotubes density. During the process of oxidation (chlorination), probably larger (smaller) numbers of active carbon species are in nucleation site that enhance (reduce) the nanotubes density. However, it seems the diameters of the tubes are slightly increased (~29 nm) and decreased (~21 nm) on chlorine and oxygen-treatment respectively with respect to non-treated N-CNT (~26 nm) due to change of CNTs density.
RESULTS AND DISCUSSION

Surface morphology
Electron Field Emission
Conventional cathode ray tubes gradually being replaced; by flat panel displays 20 , where a continuous or patterned film of nanotubes provides a large number of independent electron beams. For this type of instruments, the field emission is one of the most promising applications for nanostructured carbon-based thin films. This can be attributed; to the recent development of cheap and robust field emitting materials and carbon nanotubes in particular have received much attention. In this process, when a high electric field in the order of 10 7 V/cm is applied on a solid surface with a negative electrical potential, electrons inside the solid are emitted into vacuum by the quantum mechanical tunneling effect. The carbon nanotubes are capable of emitting such high (electrons) currents (up to 1 A/cm 2 ) at low fields (~5 V/mm) that are favorable for field emitters because of their high aspect ratio, sharp tip, high chemical stability and high mechanical strength. In particular carbon nanotube emitters 21 are reported to be ideal candidates for the next generation of field emission flat panel displays 22 . Many experimental studies have been reported on field emission from multi-wall (MW) and single-wall carbon nanotubes (SWCNT) [24] [25] [26] [27] , but the breakthrough for this technology came in 1998 when a crude display using nanotubes as emitters was first announced by Bonard et al. 21 For a good emitter displays it is very essential to have the materials, which behaves high emission current density and at the same time the emission should be at very low threshold applied electric field. One process of field emission enhancement is functionalization of CNT using different precursors. Several field-emission studies have been reported to demonstrate the capability of carbon nanotubes to emit electrons with a high current density and threshold electric fields in the range 1-10 V/mm [21] [22] [23] [24] [25] [26] [27] [28] . Gohel et al. 27 observed that the N 2 treated MWCNT shows significant improvement in field emission properties, while the Ar + treated MWCNT displayed poorer field emission characteristics compared to untreated MWCNT. Kurt et al. 28 showed that the film of nitrogenated carbon nanotubes (N-CNT) behaves better field emission characteristics compared to CNT. We have studied the field emission effects on chlorine-and oxygen-plasma treatment of multiwalls N-CNT 19 , where we have found the turn-on applied electric field is less than 1.0 V/mm. . Interestingly, this E TO is significantly reduced to 0.875 V/mm on chlorine treatment and increased slightly to 1.25 V/mm on oxygen treatment of N-CNT. Further, we have also obtained the field-emission current density in the mA/cm 2 range for chlorine treated and non-treated N-CNT, but this current density is reduced to µA/cm 2 on oxygen treatment. In terms of magnitude concern, the emission current density is enhanced for chlorine treated N-CNT (≈15 mA/cm 2 ) with compared to non-treated N-CNT (≈1.3 mA/cm 2 ) at E A =1.9 V/mm. However, in contrast, for our oxygen treated N-CNT the electric current density is reduced drastically (~0.0052 mA/ cm 2 ) at same E A =1.9 V/mm obtained from Figure 2 . It is noted to be that all these measurements were confirmed by repeating them at several points through the samples surfaces. This enhancement and reduction of field emission on chlorine/oxygen treatment is attributed not only the change of physical properties but also depend on change of chemical properties that occurs during the process of treatment. In terms of physical changes: it is observed from the SEM-images as discussed above that the density is decreases, nanotubes length is shortened and the orientation is changed on chlorine treated N-CNT, whereas opposite trends is observed for oxygen treated N-CNT as shown in Figure 1 (b) and 1(c) respectively. The N-CNT:Cl may be considered as the medium-density based nanotubes as explained by Bonard et al. 29 There have been several reports that show that the density and the orientation of the carbon nanotubes affect the emission characteristics [29] [30] [31] . The CNT thin films having high-density shows poorer quality of emission with compared to one that has medium density due to screening effects 20, 21 . On the basis of density concern, it was observed by Bonard et al. 21 that the field amplification factor optimizes once the intertube distance is twice the height of the carbon nanotubes and drops rapidly with decreasing the distances among the nanotubes. Moreover, the nanotubes cannot be too far apart as well since the number density of emitters decrease with increasing intertube distance. Again, if the numbers of emitters are very few then nanotube films become an ineffective cathode. Based on this argument, the field emission can be enhanced by properly reducing the surface density of the nanotubes as partially can be explains why the chlorine-treated N-CNT is higher field emission and have lower turn-on field compared to non-treated N-CNT. In case of oxygen treated N-CNT, the density and length of tubes become higher than non-treated and chlorine treated N-CNT as we observed in the SEM-images shown in Figure 1 . As a result, the field emission is reduced with compared to pure N-CNTs and N-CNT:Cl. Chen et al. 31 discussed for aligned/ randomly oriented CNT having less densities are the higher emission due to two sources: (i) the small fraction of the CNT that point to the current collector due to simple statistical distribution and (ii) due to the field induced alignment. Several experiments have shown the CNTs can be easily bent and aligned to the electric field direction under a moderate electric field. Another advantage of this type of cathode is the large number of CNT available for emission that can lead to a longer lifetime. However, the optimal surface morphology is not the only reason for the enhancement/reduction of field emission characteristics, but the We have studied the electron field emission effects on chlorination (N-CNT:Cl) and oxidation (N-CNT:O) of N-CNT. On chlorination high current density (J) of 15.0 mA/cm 2 has been achieved, but on oxidation the current density (J) is reduces to 0.0052 mA/cm 2 with compare to J=1.3 mA/cm 2 for N-CNT at an applied electric field E A of ~1.9 V/mm. The turn on electric fields are changed from E TO =1.0 V/mm for untreated N-CNT to ~0.875 V/mm and 1.25 V/mm on chlorination and oxidation respectively. These findings are due to not only the change of optimal surface morphology but also the formation of different bonds with carbon and nitrogen in the N-CNT during the process of chlorine (oxygen)-plasma treatment that changes the density of free charge carriers and hence enhanced (reduced) the field emission properties of N-CNTs:Cl (N-CNTs:O).
Raman spectroscopy
We have measured the Raman spectra using the laser excitation energy having wavelength 633 nm as shown in . The overall field emission improvement of N-CNT:Cl is due to an etching effect on Cl-plasma treatment with the formation of C-Cl bonding after reducing the a-C content and overall increase of density of states 17, 31 . We had seen an extra peak in between π* and σ* peak of C K-edge XANES spectra and the peak was attributed as the C-Cl rather than other bonding, which was formed by the substitution of C-C bonds. In case of N-CNT:O, the π* feature was quite close to that of HOPG and lies below the π* feature of non-treated N-CNT by ~1.1 eV that caused by the charge transfer process and the formation of C-N/N-O and/or C-O bonds. We also measured the relative sp 2 -content from the earlier reported x-ray absorption near edge structure (XANES) spectroscopy 17, 31 and found that sp 2 -content is decreases from 7.23 (N-CNT) to 7.09 (N-CNT:O) and 6.63 (N-CNT:Cl) on oxidation and chlorination respectively. In principal, the FE is enhanced with increase of sp 2 -content due to increase of graphitization in CNTs. But in our present case, this hypothesis does not support for N-CNT:Cl. So, the mechanism is different and caused due to formation of C-Cl bonding on chlorination that enhance FE properties.
The findings mentioned above, further confirmed by the theoretical calculation of PDOS of both N-CNT:Cl and N-CNT:O 17, 31 . This evidence clearly indicated that the chlorine treated N-CNT is chemically functionalized and formed C-Cl bond that increase the density of free charge carriers and is responsible for the enhancement of the field emission characteristics. In oxygen treated N-CNT, the field emission is reduced due to decrease of the density of free charge carriers by the formation of more and comparatively dense nanotubes as observed in SEM micrograph in Figure 1 (c) along with different bonds after chemically oxidation on the surface of nanotubes wall. During the Cl-plasma process, Cl ions with energy corresponding to the applied plasma power bombarded the tube wall and take carbon atoms away and changed into forms of C-Cl bonds. Due to lack of carbon in the ambience, a large fraction of C-Cl was taken out of the chamber with the Cl, which resulted in some nanotubes disappeared, and thus the CNT films become thin and dilute. Meanwhile, a small fraction of C-Cl re-deposited on the survived tube surface, which consequently caused many nano-scale particles along the remained tubes. These nano-scale particles are also may be caused to enhancement of field emission characteristics. We also observed in SPEM results that the spectra of N-CNT:Cl (N-CNT:O) broadens (shrunken) and shifted at higher (lower) energy of the σ bond feature and also increase (decrease) its intensity. The change in the σ-bond feature is associated with chlorine-derived (oxygen-derived) σ states and can be caused by the formation of C-Cl (N-O) bonds by the substitution of C-C bonds. It was explained that the broadening of σ bond in N-CNT:Cl may caused about the formation of sp 3 -like bond instead of sp 2 -like configuration, typical for graphite-like as proposed by Obraztsov et al. 33, 34 This change in co-ordination would decrease the height of the potential barrier and hence increase the field emission properties. The opposite features was observed for the N-CNT:O as a results the field The doping of nitrogen impurities in CNTs was found to be a possible route to tune the band gap such that CNTs can be exploited to make various electronic devices 9 . However, direct doping of nitrogen impurities is not the only way to control the electronic property; chemical modification and/or purification of the CNTs can also alter the electronic properties and improve the performance of various devices. The fluorinated CNTs can be tuned from metal to semiconductor/insulator with high resistivity at elevated temperatures 36 . Fluorination can also improve the wetting of nanotubes in water by inducing a surface dipole layer on the nanotube wall. This effect may be useful in battery and super-capacitor applications 37 . Iodine-and bromine-doped CNTs were found to enhance the electronic/electrical properties by increasing the density of free charge carriers 38 . Therefore, it is interesting to understand the effect of chemical modification of CNTs using halogens (F, I, Br and Cl). Fluorine-, iodine-and bromine-treated CNTs 36,37 and CNTs-based nanomaterials 39, 40, 15, 19 have been investigated previously. The electronic and bonding properties of chlorine-treated nitrogenated carbon nanotubes (N-CNTs:Cl) has not been fully carried out. Therefore, a comprehensive study of the electronic structures and bonding properties of N-CNTs:Cl is complementary to the understanding of the properties of halogen modified CNTs. Here, the electronic structures and bonding properties of freshly prepared N-CNTs, which were further treated with chlorine-plasma in an inductively coupled plasma system, have been studied using x-ray absorption near-edge structure (XANES) and scanning photoelectron microscopy (SPEM). . Pyridine is also well known to have two unfilled π* orbitals (as in benzene) with e 2u (an anti-bonding state whose wave functions are anti-symmetric) and b 2g (a bonding state whose wave functions are symmetric) symmetry 42 . The latter is observed at ~289.2 eV in the π* region for N-CNTs:Cl, and its intensity increases with the Cl-treatment time. This feature is attributable to the transition of 1s→ π*(b 2g ) similar to that of the pyridine structure with the symmetric bonding state 11 , and/or C-Cl bonds, as observed by Unger et al. at 289.0 eV in x-ray photoelectron analysis of Cl-functionalized multi-wall CNTs 43 . Previous works of carbon systems revealed a similar double feature in the C (1s) XANES spectra 44 . For N-CNTs, a small shoulder observed at ~289 eV (indicated by a vertical arrow) was attributed to the presence of interlayer graphite states, which was correlated with the calculated electronic state of dual-layer graphite sheets 45 . In the σ* region, the centers of the maximum features of N-CNTs and N-CNTs:Cl appear at ~293.2 and 293.6 eV respectively, similar to those of the pyridine structure 42 . Interestingly, the intensities of 1s→ π*(e 2u ) (286.4/286.7 eV) and σ* (293.2/293.6 eV) features decrease, while that of 1s→ π*(b 2g ) feature (indicated by the arrow) increases with the increase of Cl-treatment time as clearly shown in the inset of Figure 4(a) . This trend suggests the formation of a more symmetric bonding state in the N-CNTs than in the pyridine structure.
To identify clearly these features, the p-projected conduction-band partial densities of states (PDOSs) of pure CNTs, N-CNTs and N-CNTs:Cl are calculated using the CASTEP code 46 , which is a plane-wave pseudopotential program based on the density functional theory and local density approximation, and are shown in Figure 5 . The benzene, pyridine and pyridine-Cl cluster models are employed to represent local bonding configurations of CNTs, N-CNTs and N-CNTs:Cl, respectively. The hydrogen atoms in these models saturate the dangling bonds of carbon atoms, so that these carbon atoms mimic those in CNTs, N-CNTs and N-CNTs:Cl. The insets (a)-(c) in Figure 5 present the bonding configurations of these three CNTs; blue and green colors in the bonding structures indicate the attachment of N and Cl atoms in pure CNTs, respectively. Details of the calculations for the cluster models of these CNTs with various geometries can be found elsewhere 47 . In Figure 5 , the feature located at ~2.6 eV between π* and σ* for the cluster model of pyridine-Cl may correspond to the extra feature indicated by the arrow between π* and σ* features in the inset of Figure 5 and can be attributed to the C-Cl bond. This feature [C 1s→ π*(b 2g ) at ~289.2 eV] is much more prominent in the N K-edge XANES spectra of the N-CNTs and N-CNTs:Cl to be described below. Figure 4(b) displays the N K-edge XANES spectra of the N-CNTs and N-CNTs:Cl samples. The two main features centered at ~403.2 and ~409.5 eV, are associated with transitions into unoccupied π* and σ* orbitals, respectively. As stated above, the pyridine structure has two unfilled π* orbitals with e 2u and b 2g symmetries, which are typically observed in the N K-edge XANES spectra at ~400.0 and ~403.7 eV, respectively, for nitrogenated carbon films 42 . The features in the N K-edge XANES spectra in Figure 7 are similar for all N-CNTs. The prominent feature centered at ~403.2 eV in the π* resonance has the b 2g symmetry of the pyridine structure 42 . Jimènez et al. 48 also observed this feature at 403.5 eV for sp 2 -hybridized nitrogenated carbon films, for which the π* region can be resolved into four peaks. The broad feature centered at ~409.5 eV in the σ* region is associated with the C-N bond and is identical to that of the pyridine structure. 42, 48 The inset in Figure 7 reveals that the intensity of the π* features in the N K-edge XANES spectra decreases with the Cl-treatment time in consistent with the trend of the C K-edge XANES spectra shown in the inset of Figure 4 (a), which consistently indicate that Cl-treatment increases the occupation of the b 2g symmetry states or enhances the pyridine-like C-N bonding. Figure 6 displays spatially resolved valence-band photoemission spectra of N-CNTs and N-CNTs:Cl with corresponding C 1s SPEM cross-sectional images. The bright area in the SPEM image corresponds to the N-CNTs and N-CNTs:Cl with a maximum C 1s intensity. The spectra presented in Figure 6 exhibit photoelectron yields from the bright regions S 0 (N-CNTs), S 1 (1 min Cl-treated) and S 5 (5 min Cl-treated), which correspond to the sidewalls of the respective N-CNTs, N-CNTs:Cl (1 min) and CNTs:Cl (5 min). The zero energy refers to the Fermi level (E f ), which is the threshold of the emission spectrum. The spectra contain two weak structures at binding energies of ~3.5 and 8.2 eV (shown by down arrows) associated with the C 2p π-and σ-bonds, respectively [49] [50] [51] . The spectra of N-CNTs:Cl (1 min) and CNTs:Cl (5 min) show that chlorine treatment of N-CNTs broadens the feature of the σ bond and increases its intensity. The change in the σ-bond feature may be associated with chlorine-derived σ states and can be caused by the formation of C-Cl and/or N-Cl bonds. However, the physical origin of this feature remains uncertain. Features observed at ~15 eV (mixed s and p character of the C-N bond) and ~19 eV (C 2s) are typically observed in nitrogenated carbon films with a graphitic structure 52 . The intensities of these two features (~15 and 19 eV) decrease with the chlorine treatment, while the intensity of another new feature in the 24-30 eV range (centered at ~26 eV), which is attributable to N 2s states, increases with the chlorine treatment. This result reflects the increase and decrease of the numbers of C-N and C-C bonds, respectively, and the formation of a pyridine structure in nitrogenated carbon films as described by Bhattacharyya et al. for nitrogenated carbon films 52 . The N 2s peak is very prominent, despite that the N/C at% ratio is only 0.033 (for N-CNTs) and 0.054 (for N-CNTs:Cl), which may suggest that N 2s orbital has a larger effective cross-section area or transition probability than those of C valence orbitals for the 388 eV photon. This feature is observed in various nitrogen-based materials and its intensity increases with the nitrogen concentration 53 . The increase of the intensity of this feature is also consistent with the increase of the N/C at% ratio from 0.033 (N-CNTs) to 0.054 (N-CNTs:Cl) revealed by x-ray photoelectron spectroscopy. The difference between N-CNTs:Cl and N-CNTs spectra as shown in the lower inset of Figure 6 illustrates the effect of the treatment of N-CNTs with chlorine. The difference spectra contain two positive features in the π and σ regions (within the range: 0-9 eV) and another feature (in the 24-30 eV range) centered at ~26 eV. A negative feature centered at ~18 eV is a signature of the decrease in the number of C 2s bonds, which is consistent with an increase of the intensity of the feature at ~26 eV and the formation of the C-N bond. It may also be associated with the formation of either C-Cl and/or N-Cl bonds by the substitution of C-C bonds.
The increase of the intensity of the feature between π* and σ* in the C K-edge XANES spectra (at ~289.2 eV in the inset of Figure 4a ) and the C-Cl bond peak (at ~2.6 eV shown in Figure 5 ) in the calculated conduction-band PDOSs are a strong evidence of the contribution of C-Cl bonds in N-CNTs:Cl. The decrease of the intensity of the π* feature (shown in the inset of Figure 4(b) ) and the increase of the intensity of the feature at ~289.2 eV (shown in the inset of Figure 4a ) with the increase of the Cl-treatment time in the N K-edge and C K-edge XANES spectra, respectively, indicate the formation of sp 2 C-N bonded N-CNTs with more symmetric pyridine-like structures. In the case of SPEM shown in Figure 6 , chlorine treatment of N-CNTs broadens the p-σ bond associated with chlorine-derived σ states and markedly increases the intensity of the new feature at ~26 eV, which is attributable to N 2s states 53 and this highly sensitive N signal may indicates the presence of N on the surface of CNTs. These observations in conjunction with the theoretical calculation suggest that the formation of pyridine, the increased symmetry of the N-CNTs states, and the possible formation of mixed C-Cl, N-Cl and sp 2 C-N bonds are due to chlorination. Upon chlorination, the absorption edge of the N K-edge XANES spectra are shifted slightly towards higher energies than that of untreated N-CNTs (as shown in the inset of Figure 6 ), suggesting an increase in the nitrogen concentration caused by the substitution of carbon atoms by nitrogen atoms, which was argued to give rise to the upward band bending 9 , because nitrogen is more electronegative than carbon, so that substitution of carbon by nitrogen yields accepter-like states. Band bending can also be caused by the substitution of chlorine, because it also has a greater electronegativity than carbon, which increases the density of free charge carriers and improves the electronic and electrical properties of N-CNTs:Cl.
Chlorine / Oxygen functionalization of nitrogenated carbon nanotubes (N-CNTs:Cl & N-CNT:O)
Oxygen and halogen (F, I, Br and Cl) funtionalization of CNTs and/or C 60 are also another approach for modifying the electronic, electrical and mechanical properties to use in suitable electronic applications [59] [60] . Particularly, much attention has been directed to reveal the electronic structure of the N-CNTs due to their diverse structures, such as graphite-like, pyridine-like, cross-linked sp 3 and pyrrolic that are identified by electron energy-loss spectroscopy (EELS) and x-ray photoelectron spectroscopy (XPS) 54, 55 . Despite of those works, still the interpretation of these spectra are a matter of long lasting controversy 56 . But the x-ray absorption near edge structure (XANES) and scanning photoelectron microscopy (SPEM) are more advance and informative techniques for the study of electronic structure of CNTs. In the above, we have studied the electronic structure of chlorine treated N-CNTs using XANES / SPEM and clearly identified the structure (pyridine-like) 9 of the CNTs. Now, we have studied and compared the electronic structure and compared the formation of different structure using XANES and SPEM of with/without oxygen and chlorine treated (functionalization) N-CNTs. Details of XANES and SPEM measurements are described in our previous report 57 "the electronic structure of tips and of sidewalls" of CNTs.
For the study we have prepared three different kinds of nitrogenated carbon nanotubes (N-CNTs) on Si (100) substrate: (i) N-CNTs prepared by microwave-plasma enhanced chemical-vapor deposition (MPECVD) using Fe catalys 19 under identical conditions (Power = 2 KW, Gas flow rates ⇒ CH 4 /H 2 /N 2 =20/80/80 sccm, P total =45 Torr, T sub =1000 °C and t dep =10 min). Afterwards, these N-CNTs were treated using (ii) oxygen (N-CNT:O): Air-atmospheric plasma condition using dielectric barrier discharge system 58 at a discharge power of 200 W and (iii) chlorine (N-CNT:Cl): Inductively plasma coupled reactor at a 5 sccm flow rate of Cl gas for 1 min having the total pressure of 40 mTorr and power 150 W 9 . High-resolution scanning electron microscope (HRSEM) images of all N-CNTs measured to see the microstructure of these CNTs using the Philips CM200 as shown in Figure 1 ; where we observed from the cross-sectional images that the N-CNT:O exhibit Figure 7 (a, b) shows the C K-edge and N K-edge normalized XANES spectra of three different N-CNTs and highly oriented pyrolytic graphite (HOPG) as a reference. The energy calibration has been done with the π* resonance peak of HOPG at 285.5 eV, corresponds to the lowest-lying state of π symmetry p o , near Q in the Brilloun zone of graphite 41 . The π* resonance peak positions in C (1s) XANES spectra of N-CNT, N-CNT:O and N-CNT:Cl are at ~286.4, ~285.2 and ~286.7 eV respectively. It is remarkable noticed that this π* peak positions are not identical of all N-CNTs. This is due to formation of different structure of N-CNTs. The peak position of N-CNT:O at 285.3 eV, which is very near to the π* resonance of HOPG (285.5 eV) and is assigned as the graphite structure 41 , whereas other two CNTs peaks are at 286.5 eV (N-CNT) and 286.7 eV (N-CNT:Cl), which are corresponding to 1s→π*(e 2u ) transition similar to pyridine structure 41 . It is well know that the pyridine has two unfilled π* orbital (like in benzene) with e 2u (anti-bonding state where wave functions are anti-symmetric) and b 2g (bonding state where wave functions are symmetric) symmetry 41 . The former peak is also observed at ~ 289.4 eV in the π* region in case of N-CNT:Cl and is due to the transition of 1s→π*(b 2g ), similar to that of pyridine structure with symmetry bonding state 14 . A similar double peak in the C (1s) XANES has been reported in several previous studies of carbon systems and identified as carbon nanotube features 59 . However, Ray et al. 60 observed similar peak within the range 288-290 eV in a-C:H(OH) film and assigned as C=O π* bond. But this peak does not appear in N-CNT:O that may be expected due to oxidation, which confirms the peak is not C=O π* bond in the present case the N-CNT:Cl and even not of C-Cl bonding state due of absence of this peak in the absorption spectra of CCl 4 at the C 1s edge 61 .
Again in case of N-CNT as well as in HOPG, a shoulder is observed at ~ 288.6 eV which is the existence of interlayer graphite states 62 and are correlated to the band structures calculation on dual-layer graphite sheets 62 . So, it clear that the peak observed at 289.4 eV in N-CNT:Cl is the transition of 1s→π*(b 2g ) having symmetric pyridine-like N-CNT structure. In the σ* region of the C K-edge also shows similar structure as we observed in π* region as clearly shown in inset Figure 9 , i.e. (i) for N-CNT:O the peak appear at 292.1 eV and is the transition from s 1 , s 2 : Γ→Q state of graphite 19, 41, 63 and (ii) for N-CNT and N-CNT:O; the peaks are appeared at 293.6 eV and 293.2 eV respectively, which are similar to that of pyridine structure 41 . To identity these features, the PDOSs of treated (N-CNTs:Cl and N-CNTs:O) and untreated N-CNTs and CNTs are calculated using the CASTEP code 64 , which is a plane-wave pseudopotential method based on the density functional theory and the local density approximation (shown in Figure 8 ). The benzene, pyridine, pyridine-Cl, and pyridine-O cluster models represent the local bonding configurations of CNTs, N-CNTs, N-CNTs:Cl, and N-CNTs:O, the dangling bonds of carbon atoms. Insets (a)-(d) in Figure 8 display the bonding configurations of these four CNTs using blue (N), green (Cl), and red (O) colors which represent the bonding atoms in pure CNTs. Details of the calculations using the cluster models of these CNTs with various geometries can be found elsewhere 65 . In Figure 8 , the first feature in the calculated PDOSs has been aligned with the first feature (π*) in the XANES spectra and the unit of intensity has been arbitrarily normalized. The feature at ~2.6 eV between π* and σ* is obtained from PDOSs of the cluster model of pyridine-Cl with small shift of σ* at higher energy that corresponds to the C-Cl bond feature observed in C K-edge XANES spectra, as indicated by the arrow in the inset of Figure 7(a) . According to the cluster model of pyridine-O in Figure 8 , the σ* feature is shifted toward lower energy, as also shown in Figure 7(a) , due to the formation of more sp 2 -bonded graphitic carbon In N K-edge spectrum shown in Figure 7(b) , consist of two main features centered at ~ 403.2 eV and ~ 408.5 eV. The former and later features are assigned to the transition into unoccupied π* and σ* orbital respectively. We have discussed about the pyridine structure and it has two unfilled π* orbital with e 2u and b 2g , which are also generally observed in the N K-edge at ~ 400.0 eV and ~ 403.7 eV respectively 14 . The general features of the present N K-edge XANES spectra shows in Figure 3 , are similar for all N-CNTs. A strong peak centered at ~ 403.2 eV in the π* resonance, probably with b 2g (bonding state where wave functions are symmetric) symmetry pyridine structure 41 . Jimènez et al. 67 also observed this peak at ~403.5 eV for sp 2 -hibridized a-CNx film after resolving the π* region into four peaks. The wider peak at ~ 408.5 eV in the σ* region is also appear from C-N bond and is expected to the identical with pyridine structure 41, 67 . Figure 9 shows the C 1s SPEM cross-sectional images and corresponding valence-band photoemission spectra (PES) recorded from the bright spot (S1, S3, S6) of N-CNTs. In valence band PES, the general spectral features are different for all N-CNTs and shows two weak structures at binding energies of ~3.5 eV (marked by arrow mark) and ~8.2 eV, associated to π and σ bonds respectively 8, 68 . Due to chlorine/oxygen treatment on N-CNT a new small peak arises at ~11.5 eV, which is attributed to p-σ contribution of C-N bonds 61, 62 . Peaks observed at ~14.5 eV (mixed of s and p character of C and N bond) and ~18.5 eV (C 2s) are generally observed in graphitic structure a-CNx film 51 . The intensities of these two peaks (14.5 eV and 18.5 eV) are decreases for N-CNT, whereas the intensity of another additional new peak appears at ≈ 25.0 eV for both N-CNT:O and N-CNT:Cl having different intensities and assigned as the N 2s states. 51 This reflects the substitution of C-C bonds by C-N bonds due to decrease (increase) of carbon (nitrogen) at% and formation of pyridine structure as described by Bhattacharyya et al. 51 and is well agreement with the increase of N/C at% ratio obtained from XPS compositional analysis (0.033 for N-CNT, 0.047 for N-CNT:O and 0.054 for N-CNT:Cl respectively). Difference of N-CNT spectra from N-CNT:O and N-CNT:Cl spectra may be used to understand the effect of oxidation and chlorination on N-CNT as shown inset Figure 9 below. The difference shows positive intensity in the π and σ region for chlorinated N-CNT and a peak at ~24.0 eV for both oxygen and chlorine treated spectra. A negative intensity at ~ 18.0 eV for both spectra is a signature of the decrease of C 2s bond that consistent with positive intensity of the peak ~ 24.0 eV and formation of C-N bond. 51 The results discussed above all together confirm that on oxidation N-CNT becomes graphite-like structure (N atoms replacing C atoms in graphite layer) whereas on chlorination it becomes pyridine-like and more symmetric structure N-CNT. Upon chlorination, the absorption edge of C K-edge XANES spectra is shifted rigidly towards higher energy by ~ 0.6 eV, whereas on oxidation this absorption edge shifted towards lower energy (inset Figure 2) by ~ 1.0 eV as compared to non-treated N-CNT. This can attribute to the upward and downward band bending respectively 69 . The band shift of π and σ in valence band spectra is not noticeably observed for oxidative N-CNT, but chlorinated N-CNT shows a very small (≈ 0.1 eV) band shift towards higher binding energy. This shift can be attributed to the rise of Fermi level 69 due to substitution of carbon by the nitrogen and/or may be chlorine atoms that well agreement with the absorption edge shift in C K-edge XANES spectra.
Magnetization (M-H loop)
The magnetization M-H hysteresis loop of MW-NCNTs obtained at 300 K and 5 K is shown in Figure 10(a) . The spectral features behaviours unambiguously implies a diamagnetic response, although the CNTs have contribution of magnetic Fe-particles. We emphasize that the spectra at T = 5 K strongly confirms the diamagnetic behavior of this N-CNTs. Lipert et al. 71 observed the similar diamagnetic behavior of Fe-based MWCNTs, after post annealing process at 2500 o C temperature. They have claimed that the ferromagnetic behavior changed into diamagnetic due to complete evaporation of Fe-catalyst particles from the CNTs at this higher annealing temperature. But, we do follow any post annealing process and shows diamagnetic behavior as synthesized CNTs that shown in Figure 10(a) . Furthermore, the chlorine and oxygen functionalized MWNCNTs shows the ferromagnetic behavioral M-H hysteresis loop unlike non-functionalized MW-NCNTs as shown in Figure  10(b and c) . Bianco et al. 72 also observed the ferromagnetic behavioral M-H loop for the core interface of oxygen passivated Fe-nano-particles. In our case it may occur due to both of chlorine as well as oxygen passivation with the N-CNTs on oxidation as well as chlorination. The thermal evolution of the magnetization measurements temperature (T) dependence magnetization (M) were further characterized for all CNTs (functionalized/non-functionalized) by the zero-field-cooling (M ZFC ) and field-cooling (M FC ) procedures in an applied magnetic field of 50 Oe, 200 Oe and 1000 Oe respectively in between 5 K and 300 K. Figure  10(d) shows the M-T curve of N-CNTs; whereas N-CNT:Cl and N-CNTs:O shown in Figure 10 (e and f) respectively. It shows the M ZFC curve gradually deviates from the MFC curve with decrease of temperature at about 280 K, when magnetic field is applied 50 Oe for the N-CNTs and is further decrease to 255 K at the applied magnetic field 1000 Oe. Upon further cooling, the MZFC plot exhibits a cusp centered at about 45 K, and the MFC data sequentially increases when magnetic applied field was changed from 50 to 1000 Oe as shown in Figure 10(d) . This variable temperature magnetic data clearly indicate that the Fe/N-CNTs exhibit weak ferromagnetic behavior at below room temperature, which is attributed to the uncompensated surface spin states or ferromagnetic Fe clusters. As a result, it is believed that the weak ferromagnetic performance of the Fe/ N-CNTs comes from the ferromagnetic Fe clusters and the uncompensated surface spin states. This low temperature ferromagnetic phase magnetization is correlated to the fact that at lowest temperature and after M ZFC process, the moments of magnetic particle Fe are not fully aligned with the applied field. Furthermore, no cusp is observed in the M ZFC plot in N-CNT:Cl line N-CNTs indicating that after functionalization with chlorine (N-CNT:Cl), it becomes more diamagnetic in nature.
In case of N-CNT:O, it is found that the M ZFC curve gradually deviated from the MFC curves with decrease of temperature at about 300 K as shown in Figure 10(f) , when measured at an applied magnetic field of 1000 Oe. A similar behavior has been observed by Zhang et al. 73 for CoO/CNTs core-shell nanostructures, when they have measured at an applied magnetic field 100 Oe between 2 K and 300 K. In our present case, it is also further observed upon further cooling that the M ZFC plot exhibits a cusp centered at about ≈45 K and the M FC data sequentially increases indicates higher ferromagnetic behavior at this temperature compared to N-CNT and N-CNT:Cl. It is believe that this ferromagnetic behavior comes from the ferromagnetic Fe-clusters and uncompensated surface spin states, although M-H curve shown in Figure 10 The hydrogen atoms in these models saturate the dangling bonds of carbon atoms, so that these carbon atoms mimic those in NCNTs, NCNTs:Cl and NCNTs:O. For the N-doped model system, we got a very stable chemically bonded singlet structure. This N-doped system then used to study the interaction of Cl 2 and O 2 in their ground states. Fundamentally, when a singlet molecule (like Cl 2 ) reacts with another system with singlet electronic configuration gives a singlet product, and when a triplet molecule (like O 2 ) reacts with a singlet system gives a triplet product. So we have analysed nature of bonding in those two different products
• singlet NCNTs with Cl 2 • triplet NCNTs with O 2 . Analysis of the results shows that Cl 2 reacts with NCNTs and the product obtained is in singlet state as shown in Figure 10 (h). It can be seen that the Cl atoms are now dissociated and the nature of interaction between the NCNTs and the Cl-atoms are physisorption in nature. It is also interesting to note that the physisorption site for the Cl-atom is very specific and it prefers to stay above the C-atom of the NCNTs and not above the N-doped site. As the product is in singlet configuration, the electrons spins will be perfectly paired, but the electrons in both the Cl-atoms will precess in the presence of the magnetic field as they are almost in unbound states. The two magnetic vectors coming from the both the Cl-atoms will lie in the same plane with a well-defined phase relationship. It is well known that the condition for an effective transition from the singlet state to the triplet state is that the local fields must differ (even slight difference is effective) at the two electrons. Owing to the curved nature of the NCNTs, it can be easily expected that the electron on each Cl-atom must experience a slight difference in the local fields. As the two electrons are in the influence of different local fields, one of the electron vectors will precess at a greater rate than the other when a magnetic field is applied. This leads to periodic transition from singlet to triplet configuration. Such a behaviour will lead to the paramagnetic behaviour of a material system and in this light we think the Cl-doped system's paramagnetic behaviour can be explained.
Analysis of the results shows that O 2 reacts with NCNTs and the product obtained is in triplet state as shown in Figure 10(i) . We did not carry out a complete potential energy search to ascertain if there are any other stable minima with other spin multiplicities or not. From the Figure 10(f) it can be seen that in the O 2 doped case, O 2 is chemically bound to the nanotube and not like the earlier case of Cl 2 doping. This stable chemically bound state in the O 2 case may be freezing the spins of the two unpaired electrons and parallelising the orientations of the two spin vectors. Only such phenomena can lead to a permanent magnet-like behaviour of the material system. In view of the experimental findings we can explain that the O-functionalised NCNTs to show the ferromagnetic type of behaviour it should definitely have a stable chemically bound state and spin bound conditions as shown here in this work. In light of such chemical structural feature with a spin bound triplet state only, one can explain why the O-functionalised NCNTs are ferromagnetic in nature.
CONCLUSION
In conclusion, we have studied and discussed the surface morphology, microstructural properties, electronic structure, bonding properties and change of magnetic behaviors of N-CNTs along with theoretical calculation for supporting these results of functionalized N-CNTs in oxygen [denoted as N-CNTs:O] and chlorine functionalized N-CNTs using different measurements. The electron field emission effects on chlorination (N-CNT:Cl) and oxidation (N-CNT:O) of N-CNT. On chlorination high current density (J) of 15.0 mA/cm 2 has been achieved, but on oxidation the current density (J) is reduced to 0.0052 mA/cm 2 compared to J = 1.3 mA/cm 2 for N-CNT at an applied electric field E A of ~1.9 V/mm. The turn-on electric fields are changed from E TO = 1.0 V/mm for untreated N-CNT to ~0.875 and 1.25 V/mm on chlorination and oxidation, respectively. These findings are due not only to the change in optimal surface morphology but also to the formation of different bonds with carbon and nitrogen in the N-CNT during the process of chlorine (oxygen)-plasma treatment that changes the density of free charge carriers and hence enhances (reduces) the field emission properties of N-CNTs:Cl (N-CNTs:O).
The electronic and bonding properties of nitrogenated carbon nanotubes (N-CNTs) exposed to chlorine plasma were investigated and found that the C and N K-edge XANES spectra of chlorine-treated N-CNTs consistently reveal the formation of pyridinelike N-CNTs by the observation of 1s→π*(e 2u ) antibonding and 1s→π*(b 2g ) bonding states. The valence-band photoemission spectra obtained from SPEM images indicate that chlorination of the nanotubes enhances the C-N bonding. In case of oxygen-and chlorine-treated nitrogenated carbon nanotubes (N-CNTs) study the C K-edge XANES spectra are shifted by ~0.3 eV toward higher energies and by ~1.1 eV toward lower energies relatively to those of the more symmetrical pyridinelike and graphitelike structured N-CNTs upon chlori- nation and oxidation, respectively. Increases in N K-edge XANES intensities for both chlorination and oxidation reveal substitution of C-C bonds by C-N bonds consistent with the observed valence-band photoemission spectra of the decrease of the C 2s bond and the increase of the N 2s bond. First-principles calculations of the partial densities of states in conjunction with C K-edge XANES data identify the presence of C-Cl bonding in chlorine treated N-CNTs. The formation of more sp 2 -bonded graphitic carbon in the N-CNTs:O is observed and the sp 2 -bonded carbon feature shifted toward the lower energy as observed in PDOSs calculation of N-CNTs. Room temperature and below room temperature magnetic behaviours have been studied for the NCNTs and functionalised NCNTs with chlorine and oxygen. The interaction between Fe-nanoparticles and the NCNTs plays a critical role for the diamagnetic behaviour of the Fe-catalyst based NCNTs at room temperature. NCNTs:O show ferromagnetic nature at room/below room temperature and is owing to ferromagnetic Fe-clusters and the uncompensated surface spin states owing to formation of different bonding with carbon and/or nitrogen. It is believe that these magnetic/non-magnetic NCNTs (:Cl/O) may show promising applications in biomedicine/bio-and nano-electronics applications. From the computational results, we considered that the differential bonding patterns of the Cl-functionalised and the O-functionalised NCNTs are the main cause for the different magnetic behaviour of these systems.
